Etioplasts of radish seedlings treated with photosystem II (DCM U, bentazon) and chlorotic herbicides (amitrole, SAN 6706) were tested on their ability to perform the phytochrome mediated chlorophyll and carotenoid biosynthesis. The cytoplasmic influence on the chloroplastic action o f herbicides was also investigated by inhibition of protein synthesis either in the chloro plast with chloramphenicol or in the cytoplasm with actidion.
Introduction
It is generally believed that the herbicidal re sponse is manifestated in the chloroplast. Photosys tem II herbicides like DCMU and bentazon develop their toxicity via inhibition o f the photosynthetic electron transport [1] , while bleaching herbicides like amitrole and particularly SAN 6706 cause a photooxidative destruction of chlorophylls and carotenoids [2] [3] [4] [5] . The primary action especially o f bleaching herbicides is still unknown. It was assumed that chlorosis develops by the photooxidative destruction of chlorophylls induced by a carotenoid deficiency [2] . But it was also proposed that in addition the in activation o f peroxisomal enzymes [2] and changes in the ratio o f saturated to unsaturated fatty acids of the glycolipids [6] contribute to the photooxidative damage o f the chloroplast. In this communication the influence of active phytochrome on the development of the herbicidal activity was investigated. It is known that chloro phyll and carotenoid biosynthesis are controlled by phytochrome [7 -9 ] , but whether the action of her bicides interferes with phytochrome is unknown. By using protein synthesis inhibitors it was also in vestigated, whether the chloroplastic action of the in vestigated herbicides is developed or influenced by the cytoplasm.
Materials and Methods
Radish seedlings were grown for 6 d on 10_4m DCMU and bentazon (Photosystem II herbicides) as well as 10~* m amitrole and 10~5 m SAN 6706 (chlo rotic herbicides) in total darkness. The structure of the used herbicides is shown in Fig. 1 .
Investigations concerning the influence of active phytochrome were performed by irradiating the her- Chlorophylls were extracted and determined ac cording to Ziegler and Egle [10] . Carotenoids were extracted into cold acetone, the crude extract sapon ified with KOH, chromatographied and quantita tively determined according to Hager and MeyerBertenrath [11] using an absorbance coefficient of £(1% /1 cm) = 2500.
Results

E tiolem ent
Besides protochlorophyll(ide), all carotenoids con tained in etioplasts of control plants, were also found in plastids of etiolated radish seedlings supplied with DCMU, bentazon, amitrole and SAN 6706. While DCMU-, bentazon-and amitrole-treated seedlings exhibit nearly the same carotenoid content as the control plants, SAN 6706 reduces the formation of xanthophylls (Fig. 4) . and neoxanthin are enhanced in their biosynthesis by phytochrome, while the a-ionon xanthophyll lutein is formed to the same extent as in untreated plants.
In h ibitors
It is known that actidion (cycloheximide) inhibits protein synthesis in the cytoplasm, while chloram phenicol inhibits protein synthesis in the chloroplasts and mitochondria. The application of inhibitors of translation should help to understand the action of herbicides on the chlorophyll and carotenoid accu mulation particularly for the bleaching herbicide SAN 6706. 
